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- Memory perfaafi^nce d^f f qfences ■ of* MA ma-k^ (9^12 years) 
educable mentally retarded (n = 56) and normal; (n =' 56 ) chiJ|p;' 
dren were examined ^in- tWQ experiments using thp CJraik and 
Lockhaj-t (i972) level|^ of ^.processing f ra^itework. . in expef i- - 
'ment one, subjects ) were randomly a.sslgne$i to anjtncidental, 
intentional or planned intentional . learning cdhdit^rl/ to de- . 
termine ^e effeet on] recall, as well as to explore met amembr- 
ial 2ibilities And memor^ strategy usaige. In experiment two, 
heart rate was additionally recorded during task performance 
(incidental condition) to iexamine the possibility pf^an att^n- 
'tion deficit affecting ^EMR performance. Althpugh all *S dis- 
pljay^d recall improvement over levels and learning conditions/ 
tl^e generally inferior performance of^^^^^(^^ s^did not appear to 
be due to a^tentj-on de-ficit. ^ * - 
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A Look at the Meihory/i>'er,f ortmance^^ 
CSiildren Utilizing the Levels of Proce^sinl^ Fraraework- 




Xompari^on sttidies". of retarde^d arid intellectually averv 
age childrens' memorj^ performance^ , be" they a chronological 
* / . age (CA) or mental ^*e"% MA) ma-tched design, typically result 
. ^/ • ty ; superior; perfoi^nance for th^ latter 'group.^ For some * 
, theorists and researchers interest has been directed toward 
• * l^ie search for spe.cific or structxiral (i^fiqits;. a,ri orienta- 

^ \ion which "^purposedly serves td def irfe .n^ reiardatlon. 
On the other hand, professionals, in the> ^ieX4 of education 
. have been more practically concertied, with 'th$ problem o£ - ' 
improving or facilitating' the lear^ning ^^rjd^ memory performance^ 

. ' ■ • • • J . ■ . ' 0 ' 

of the retarded child, ^though bpth •pr.^^n^:ations have , 
yielded ^valuable insight', neither approach -'is sufficient by 
' . itself to reso;Lve^a problem which is paramount in ''the field 

at this tijnrfe. * As' Brown (1974) has described it/ the probj/^ 
; ' is one. of sprtirig out , those* factors which are structurally or 

developmentaJLl-y delimiting and thpse factors which can benefit 
or facilitate .the retarded individual * s memory performar|:e. 
' J ^ Re^searchers who are concerned .with recall or information 

\. , proces;^^g characteristics in memory, have frejquently "^adopted 

a "modal V 'model of memory. 'This framework emphasizes^ spcgific 
temporal-structural (tomponent^ of the memory system [i.e. 
;Sentory store, short term store (STS)-, and long term store 
(LTS)l and the transfer of information from oho store to the 
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ct.^ In the' area" o*f mental retardati^ research ^^d' theojsyi 
the'^^u^dal;^mcxier (Ellisv'»*197a: 
Fisjier and Zeainan, 1973) . indeed, the inferior memory per- 
formance of mentaMy retarded-arsons has been widely attri- 
buted ta a defective slj^ojflt term'store-^ (Ellis, 1970; Scott and' 
.Scott, ^968). ^It is of interest to note that . the 'utilization • 

of the Ttipd^l Hiemory model -has resulted in a strong' bdTas to- 

• ^ ' . . . J / 

ward a structural (i.e. deficit) orientation. i 

■ , > * - .J • ■ , - ^ / 

In the opast -f ew years, however^ considerable interest 

•i ' ' ' . • • 

' *.•• •■* ' ' ' * 'J 

has been directed toward Craik and Lockhart's (197 2) alternate 
approach to^rrtemory reseatchv. In brief, the levels of pro- 
cess ingf model focuses upon the perceptual analysis of incorrj.ngt 
stimuli • These analyses may be directed toward the domains of 
iphysical (i.e. orthographic /features of the stimuli), phonemic 
,(i,,e. acoustic features of a stimulus) or\ semantic (i.e. 
n^Aningfullness features of a stimuli') processing. Depth of 
prfocessing follows "the order of physical^^ phonemic -=isemar4:ic. 
9r these, the semantic level of processing constitutes the 
^ deep est or most elaborate analysis and results in the strong- • 
est memory trace. , ' 

Brown (1974) sagaciously points out that the crucial 
distinction between the levels of processing and modal memory 
model ^ is f ouri^ ^n the status of short term"^ memory. She indi- 
cates tlfet within a modal memory mqdel: "STS is a structural 
feature of "^he memory -system. In a levels of analysis approach, 
proces^s subsuped un<^r the heading STS in information pro- 



cessing 'models are seen as the result of delibdraDte strategic 
device^ employed Ipy the subject" (Brown, 197*4. e. 58). ^ 

In other word|^, the levels pf processings approach ^^"^ 

/•inei|iory. is characterized ^by a deliberate de-empliasis jpn stfruc- ^ 
tumjf features and-J:^je ST^pecif ically is replaced with the 
notion of optional ' strategies employed by the subject. More 
importantly, the emphasis is given to the qualitative , 'as 
Ojjjjpdsed to quantitati^ve, ^spect^s^ of ^analyses performed on 
stimuli and the relation to k^bse^ent memory trace strength, 
such mtoory framework th^tefdre, holds considerable promise 
as a viable method for the investigation of tm^se factor^ 

"which both facilita'te ayd delimit the mdljnory'^rf ormaQce of 
the EMR child. . ^ . 

The levels of processing model has been formulated on 
the basis of several investigations carried out by Craih and 
his associates ?Craik and Lockhart, 1972; Craik and Tullving, 
1975: Lockhart/Craik and Jacoby, 1975; Criik, 19^3) and the 
distinction ^f three qualitatively different, levels of pro- 
cessing has largely been substantiated with adult subject 
populations. The lua joi^urpose of this 3tudy was to determine 

whether th^ levels of processing would be similarly distinct 

with subjects who are developmentally or cognitively immatur#. 
Ifi addition/ when the accepted * language §^eriority of the 
intellectually average child is. consider^ we would ask whe- 

ther the performance 'of MA matched 'samples of noh-retarded 

. i • ■ " 0' ■ 

and educable mentally retar^ (gMR) children would thu^^ 
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. . a utiXiziir. t.e levels of processing fra^^wor.. . 
decent ^^^^ ...element of 

"\;::r;:i .o ^ns^ae. .esp.o. 

intention might be a cruo. ,,naitlon re^s 

•K 1-he intentional learning 
to memory research, tne informed of 

• ntal paradigm in which subjects are . 
to. an experimental para y ,nts before commen- 

.11 or recognition requirements bet 
p.3t-tasX recall or r ^ ^^^^^^ ^^^^^^^^^^ ^^^^^^^^ 

cing the experimental • experimental 

condition, subjects are onlV informed abo.t.h 




task requirements. intent iop to memorize 

• 'a strong indication that intenti P 

• , the course of memory develop- . 
• T_ strategy l-wv^j- 
■ """" \^^Zt *e .emorv performance of oiaer children 

■ '^''^^ .,.t be further i^e.tiicably tied to the 
and adults-. Thxs mrght be inadequate use of 

- eoncepts of ... ^..^^^o. deficiency 

- -lable ^™o.V -^^^^^^^^ 

ti.e.^a subjects . «hich h4ve been 

^.-(fiaallv instructed to ao , . 

.vhen he .s , spec.f rc=*l ^ n^n.^etarded children 

-ntiV- -^-^^"•'^r li„es..and .lavell, 1.6,) and 

■ ■ ; -^eas this .latio.s.ip has. 

EMR adolescents C^rown. 1974) , ^^^.^i research (cf. 

, .-osnect to develo^entai 

, . been established ;.xth respect ^^^^ ^^^^^^ 

,Q121 the research is essentially vo 
.. .^acha., 1972). th . „,,„,,,„3l learning c,ndr-. 

to the effects. of incide„talan_ 

• ' • t ,i„ retarded children. — 

:.• tions for mentally retar ^ . Cr.aik ani ■ 

in contrast to dovelopm|.tal 
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Lockhart (1972) as^o^ a position which minimizes the indi- 
dental/intentional distinction anS^suggest that it is the 
.level of ^processing v>4iich is the primary predictor of suhse- ' 
quent memory. In an effort to explorte this issue more^ fully ,^ 
incidental, intentional/^ anci planned intentionaJ learning 
conditions were incorporated into the design of experiment 
one. V 

• . , ^ ■■->■ 

In referring back to the primary purpose of this research 
~ to sort; out those factors whicb structurally or develop- 
mentally limit and thone factors which' enhance the memory per- 
formance of EMR children --the experiment one findings were" 
most -fruitful in the latter regard. As it was anticipated, • 
both groups der.onstrated recall performance increases ^ 
following deeper levels o^ processing and the pattern' of mem- 
ory performance improvement was markedly similar for EMR and 
non-retarded oVer the three differential' learning condi- 
tic^s.. However, other than the significant 'groups x levels ' 
interaction, there was limited information revealed to account 
'for the significant gioup differences in recall that accrued 

ft 

in this experiment,. , ^ . . , 

With this background in mind, a second experiment was 
planned to more closely exaijiine those (structural) factors 
which may distinguish the memory performance" of non-retarded 
and retarded <|:hildren. When the vof ten found performance', 
.discrepancies between retarded and intellectually average 
persons. are considered, a hypothesis of attention' deficit in 



mental retardates is often postulated. Evidence to support 
this hotion-has been generated. in a variety of experiments, 

ig differing formats, tasks, and dependent^ measures. With 
respect^to Western research, both the Zeaman and House (1963) 
discrimination learning and the Baumeister' and Kellas (1968) 
reaction time studies are well Icnown excimple^. On the basis 
of psychophysiological studies, Soviet researchers sucU" aS^ 
Luna and Vinogradoya X1963) have similarly found evidence to 
indicate an attention deficit in mentally retarded subjects. 
.More specifically, Luria (1963) suggested that peculiarities 
trf 'the orientation reflexes ^nd arousal systems distinguish ^ 
the mentally retarded learner from the intellectually aver- 
age learner. However, Western replicative studies have » 
failed to support Soviet research i*n its entirety (Clausen, ■ 
1973: Stiern and Janes, 1973). The more recent psychophysio- 
logical research (Clausen, Lidsky and Sersen, 1976) indicates 
that autonomic responding patterns vary widely acr6s3 differ- 
,ent subgroups of retardates, and can likevflse be altered as^ 
a result of varying task parameters an4,,^grees of stimulus * 
complexity. FailiTre to ^consider the above in comparative ire- 
;e^rch, might well result in situations of discrepant inter- 
pretation. With respect to the apparent lack of agreement 
between Soviet and WesSbrn research. Das (1976) and Das and ' 
Bower (1971) have pointed out ,^ that S^ utilized in Luria 's 
and other Soviet investigations, were of significantly lower^^^ 
mental ago and intelligence in comparison ' with retardate subr- 



'jects typically employe4^ by Western reseairchers. In addition 
to th^ above, ^the majority of Soviet a*d^.^esterji studies have 

^utilized only simple stimuli such as ligli^ flashes ^and tones. 
There is at present an extensiy^ body of theoretical 
and empirical, investigation to support the notion of a con- 
sistent i?'elationship between autonomic response patterns and 

'attention and inf orrfiabion processing (Lacey, 1967: Coles. 
1974; Coles and Duncan- Johnson, 1975: Bernstein/ 1969: and 
Tursky, Schwartz, and Crider, 1970-) . The#everal reported 
investigation^ involving attention and effort (using autonbpic 
indices) anc^ information processing ta?$ks, cbllectively sug- 
gest that sensory analysis requires minimal effort and atten- 
tion, whereas the deeper levels of cognitive analysis pro- 
gressively d^emand greater ' attention for su^ces.sful processing. 

Irf the context of the levels of processing Tnodel, it would 

. '* ' ' ' ' * ^ * 

seem that Craik and Jacoby (1975) would concur with this 

notion: . ^ ^ ' . ' . 

The processes of attention are seen as regulating 
the analysis* performed , on the input "- proces3ing 
will b^ apparently "pr;cattentive " or "automatic" 
when little processing is required . The more' 
complex and unfamiliar -the jjrocessing, the more 
attention mus^: be devoted to the processes of 
analysis (p. 175). ' ' . C 

• ^ 
With respect to this research, it would W expected that the 

presumed attentional deficit of the EMR subjects would be re- 
flected in the comparison of autonomic response patterns " 
with normal subjects, as well as recall perf ormance , , ' For 
these reasons, autonomic measures (heart -rate) were, utilized'' if 



during perf oi?inance on the levels 9f processing task in^exper- 

iment 2 of the study. ■ ^ 

J ' . ' ^ \ ■ • . . 

In summary, ^he specific purposes .of this study reported 

her^ were : . - — ' 

1) To test the generalizability of the levels of pro- 
cessing model^ with EMR and normal children. 

2) To examine memory performance differences between 
EMR and normal children. 

' 3) To determine the effect of , incidental intentional and 
planned intentional learning corviitions on memory peff.ormance 
in both EMR and normal ^^^bjects (S^). 

^ 4) To explore the interafction o^/at%entio^l abilities\^ 
on levels bf processing in both EMR and normal S . ' 

• ■ < - 

Experiment I - 

• ■ - ^ ' " ' i / ' 

Subjects 1 



' , There were eighty-four S in the sample: half were in- 
tellectually average children enrolled in Upjtef elementa;ry 
grades (i.e. 4, 5,- and 6 ) at an Edmonton', Alberta Separate 
school. The remainder of the sample comprised 42 educable 
mentally retarde(i (EMR)' students/ who were»all attending a 



"special" school which combines academic and vocational in- 
struction. Preliminary screening involved the examination of 
school reqords and donsultation vS^ith the school teachers and 



counseliJrs in order to exclude siibjedts with any sensory, 
emotional or organic anomolies. /The sample charax:teristics 
of the experiment one groups *are given in Table 1. 1 



r 

Insert Table I about -here 



. Subjects were Randomly assigned to one pf the following 
e3<perimental conditions : - | ^ 

1. I ncidental condition - S were only givefi a des- 
cription of the experimental task;| ^ ^ , 

2. Intent|ional Condition - were given a description 
of the experimental task as well as information regarding the 
recall requirement at task-complel^ion. Subjects here were • 
interviewed follqwing the recording of words recalled.^ 

3. Planned Intentional - S^ were p^vided the same in- 
struction as the ^ intentional group and given further " infor- 
mation, regarding the categorical nature of the wordsvineltid^d 
in the task. A pre-task interview- WSs given to induce the 
subject .to devise strategies to improve their^ recall perfor- 
maijce. Subjects were also ^.nterviewed following the recall 
task, in an effort' to determine the stratMies employed by 
them. ^ , , ' 

.There were 14 retarded (EMR) and 14 non-retarded chil- 
dren in each condition and male and feinale . subjects were 
equally represented. 



. Strimuli and appar^tug. • . 
• ^ "^^ ~ ^ • ^ ' 

/ ' The task involved >the presejitatiori of 30, glide mounted" . 

.orienting questionska-nd corresponding imperative wprd stimuli, 
^e word stimuli' <^ere, selected- from the Rosch.Cl975) goodness-^ 
oif -example ratings of semantic categories, ' ^rorh ?ach of the 
oKosen six* categories (i.e. clothi^ig;' furniture, fruit, 
Ivehigle, vegetable ^ and weapon)., five tJPkfh ranking words were 
selected and randomized. The words were" then paired ^ith a' 
•yes' or "no; varljae ^and a 'physical, (e.g. Does with .wprd start 
with a "t") phonemic (e.g. Does this word rhyme/ with "boat"?) 
or semantic (e.g. Does this^word mean a type ok fruit?) orient- 
ing question, and then randomly reordered. Althbrf^h the order 
waL randomized, each type of orienting question (e.g. physical) 
appeared 10 times in the experimental task, and for 'five of 
the questions the correct response was "yes", and for the 
other five questions the correct response was "no". 

A trial began with the exposure of the orienting ques- 
tion slide for a period of six seconds. During this time, 
the question was read aloud by the examiner to focus S atten- 
tibn and to ensure that the orienting question ,waS not mis- 
read. and thus' misinterpreted. An interstimulus interval of ♦ 
four seconds followed and the imperative word stimulus was^ 
then exposed on the screen for one sfecond. The time* interval 
from imperative word stimulus onset to onset of the next' 
orienting question was 10 seconds. A complete tri^ lasted 
twenty seconds, 'and^the total task constituted thirty, trials. 



f . The slide stimVili were projected with a^isdak carousel 

slide, projector mounted with an electro-mechahical shutter 

" ' / • 

to control stimulus exposure.^. The sequence of onset ^n^ dur- 

ation of experimental stimuli w^re autofhatictflly controlled » ' 

by Hunter Decade Interval Timers. Hie responding apparatus 

consisted of a metal box with two protruding buttons which 

* 1 . ■ 'i . " * • ■ i 

were'^prfessed by the subject to indicate his response decision. 

All subjects were told to hold their index finger ready be- 

tween- the response buttons, as they waited for the imperative 

word stimulif, ' Ajiswers were indica'ted to the experimenter by ° 

the lighting of . one ■ of the two lights (indicating ' a 'yes^ or 

•no' response). The ' slide stimuli were .pro jected onto a wall 

approximately four feet in front of the subject. . 

ProQedure V ' 

The were individually tested in a small room within 
each of the schools. • Th/ lights 'remained dimmed throughout 
the task to allow maximum clarity of stimuli presentation " and 
to provide the subject ah opportunity "to adjust to"tl^ reduced 
light during the reading of instructions. , ' ' 

'The instructions given to subjects in the incidental 

V/ , -: 

condition wefe: "I am going to ask you to do a task Which 
includes 30 questions and about 30 words^ The questions and 
words will be presented on slides anc3- the questions will be 
read to , you. When the word appears on the screen/ I want you 
to answer the question- 'ye^' or ' no'' as. quickly as you can liy 
pressing the correct button". 
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"^The intentional groutS w as qivcm identical -^instructions 
with the .addition of being informed of. the recall requirement, 
nie addition to 'the above was ^s follows: v"I also want /ou 
to try and rememl^er as many of €1^ words as you can. After 
the task I Vill ask you to tell me all the words you remember" 

'All' the above instructions were given to the planned 
intentional group , with Specific information about the task > 
added. The specific addition wa^ VNow, there are five worsts 
in e^ch typ^, or categor'y of words. The six types of words^ 
sare weapons clothing, \fruit, furniture, vehicl-^ and vegetable 
Do .you have any questions so far aboiit what you ate to do in 
this « task?" 

If there were no '^estions, the examiner responded; 
"Okay, first I want to ask you a few questions" and would then 
proceed ^Lt\i the pre-test interview questions. ' • * 

presenting the planned intentional group. with* addi- 
tional category information, it- was anticipated that t!his 
would provide an extra option for strategy planning to effect 
the most efficient recall of words, as compared to partici- • 
pants in the other two conditions. ^ 

^ Subjects were seated directly in front, of the examinQ<g;, - 
facing a screen approximately' four feet in front of him. The 
subject was positioned to allow comfortable manipulation of 
the response buttons and the appropriate instructions were 
then read to the subject. Practice trials consisting of each ' 
of the orienting que'stion types (i.e. 3 levels x 2 response 

■ . . f 



1 ~ 



\,t.ypes) were given a^^^^^ufej^as Slfed to .indica/o his 
/.response by pressin^the ap>^ button. ^Wh^n^tVfe Ln- . 

■ secutiv^e correct rXsponfee^ were S^de^. the examiner would ky," 
^ "Okay, no-^ we will>egin' the tLsk",'; The 'initdal slidf for* the 
' ^•^P^^'i-^^t^l . task wa? then- positioned on • the- KocJ^k- carousel ^ 
Slide projector., Ihe response -decision and reaction' was 
•recorded by the .-e^anuner for each trial. At the Rumple ti^n 
of the 30 trials, the subject waa^ requested, to tell the exam- 
iner all the yords he could recall, and these were recorded. - 
Following the recall interval all s^jects were'asked not to/ 
inform future subjects that a memory task was part of the / 
experiment. 

only the planned ^intentional groups' were Interviewed 
prior to the levels of processing ta^&l^^nd it was .arranged ' 
to engage in .the other two learning cohdition groups in " / 
casual conversation for a roughly ecjulvalent time period. ^ 
(approximately 4-5 minutes). Ihe interview questions were / 
formulated after those outlined .in the structured' interview 
technique described by I^eutzer, Le^ard and Flavell (1975). . 
The interview focuses on the, subject's own awareness of the 
nmemonic ability and liWtatioiYs; his assessment of task" de- 
mands involved in re tribal situations; and how the child ' 
might, use a repertoire ^del iterate and conscious memory 
strategies- particularly in confrontation of an expected recall 
requirement. Essef^tially the pre-task interview questions. , ' " 
were given ta^cou'rage S^'. to utilize self -generated memory 
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jenhancing strategies during the* experimental task. The pre- 
task iijtervipw questions were as |^ follow^: • ^ ♦ 



Pre-task interview -questigns 



!• Dcj" you remember things well - are -you a, good rememberer? 

2. ^ If you are told that you have tOTremember something, do 

you usually remember it better? For ex^mpld, if .1 say 
"Look at these words'* instead 'bf '^Remember these words'',^ 
will it make a difference? Why? . . ■ ^ 

3. What things do you do to remember?/ 

.V . . . ' • 

4. Can you think of some ways to remember the words in this 
task? . , 

Post-task interviews were carried out with all subjects 
Xn the intentional and planned intentional groups, in an 
attempt to determine the actual memory strategies that were 




employed. These J|o>t-tasV^i1terview questions owere as follows: 

Post-task interview questions 
1. What did ypu^o to try to remember the word is in this task? 



2. If you had t?9 'do tl^is again, what would you do tc( remem- 
ber more words? ^ 

3. Do you think you remembered more words because youSvere 
told, to remember th^? Why? 

4. Was it hard for you to remeinber the words in this task? 

4 

5. What type of words were hard to remember in this task? 



» Scoring^ • ^ 

■ . , ■ • ■ , ■ ' .. ■ .' . ' . . 

R^^pons^ decisions: . The responses incjlcated by the button- 

presis ofjthp subject were recorded during tas^ presen- 

' J / ^ • ' ' 

ta^iron and incorrect responses were indicated by circling 

the t;rial numlaei^ o^ the subjects' protocol sheet, Alt 

task cjDit\pletion the total nunjber of correct and incor-v 

rect r|8ponse\p "were recorded for the 30 questions. . 

There Were 15 'yes' and 15 ',ho' correct iresponses. 

2. Recall: /The words r-ecalled Vere^dictated by the subject 

and recorded onf the back of the subject **s protocol sheet • 
The 'words w^re later catfegorized in terms of the cor- 
. • responding orienting* gu^st^n. The percentage of 
\^^^^^^hysical, phonemic, and sdmanJjX categories were com- 
muted for each subject. ^ 

3. .Reaction time: The-reaction times in milliseconds for" 

the .10 questions in each of the physical, phonemic and 
'sr^Aantic categories ^Ijere averaged for each subject. 
. The averaged scores from each of the three categories 
were then used in the data analysis. 

AnalysTs"^d Discussion 

An initial 2(group) x 3 (conditions) analysis pf vari- 
ance using recall and reaction time as dependent variables 
revealed no significant sex differences. Thus, llurther analy- 
ses were carried out onar^ps cxSlla^ed over sex. The results'^ 




^ of a -comparison check £or correct resfj^rtses were essentially 
identical with mean- score? of 28.78/3'0 f or"^on-retaYded chi^l- 



dren and 25.30/30 f or^ retarded children." 



Recall ; Results , ° 

■ . ■ . . ' - ' . * ' ^ 

; ^ Recall perf ormance , differences" were exaniifiera utilizing 

a 2(g^up) X 3(conditions) x 3(leve.l^) analysis of variance.- 

. liable 2 presents the results of this analysS^. As was an- 
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ticipated the results indicate a signif icanti^raairi effect for 
groups (F = 19.084, df = 1/78, p ^d01>. ,The mean percentages 
recall collapsed over conditions and levels .were : 22.09 per- 
cent for normals and 14.4^ percent for EMR. This analysis 
further revealed a significant group /x levels interactio/in 
recall perf6rmance (F - 5.376. df = 2/156 /'p ^01). The \ 
mean recall for groups by level collapsed over-cai^itions is 
graphically depic^ted in Figure J Examination of the graphic 
display of EMH and noraml recall performance differences would 
suggest that the .semantic level of ana;Lysis most readily dif- 
ferentiates th> two groups. In ordeir to determine the specific 
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nature' of the groups x^levels interaction, separate ,Scheffe 
T-tests were carried out. The means comparisons across levels* 
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between groups, reveals' significant dif f erences' ai" the phon- 

emic (F= 8.46, df = 1/78,, p ^v. 004 ) and semantic <F^= '20.36, 

df = 1/78, 0000.2) levels. -From this, it would seem that 

processing^' that requires minimal analysis (physi cal) results . 

in similar ret^tibn, f'or'^oth normal and -EMR subjebts; whereas 

* ^ C, • ■ . ■ 

the higher level? of processing (phonemic and semantic )' which 

are more cbgnitively demj/nding appe^ to\ be sensitive * in -dis- ' 
criminating between groups of differVng XQ levels^ ' 

The analysis of variancfe of recall scores yielded a 
highly significant main effect for levels (F = 99.634, df = / 
1/156, p^. 0001)' (see Table 1). . The means for levels collap- 
sed over conditions and groups were: physical 12.1 percent, 
phonemic 11.2 percent, and semantic 32.7 percent. Tlje overall 
levels effect i3 consistent with the results of previous 
stiifJies (Craik and Tulving, 1975; Shangi, Das and Mulcahy, 
1978; Lawson,. 1976). The recall performance for both groups 
in all conditions increased^ with deeper levels of processing. 
However, closer examination of thelevel means reveals differ- 
ences somewhat' contrary to the predictions of Craik and Lock- 
hart (1972). The levels of processing model postulates that 
retention subsequont_tQ_ qualitatively di^^^ing encoding will 
^llow a distinct pattern or hierarchy. .^^|ams physical pro- 
cessing is expected to effect, the poorest retention; phonemic, 
processing should result in better retention; and the highest 

■ • 

retention should follow semantic processing. 

The extensive scries/^ experiments reported by' Craik 'and 



Tulving (1975), confirmed the hypothesis of qualitati^Vely dis- 



/ 



tinct levels of processing in the recognition experiments * •? 

(1, 2, 5,9, 10) ' and am the recall Experiments (3 and 4) when the 

, — . . . ., 

wrds were processed twice." However, the proportion of words 
recalled level on ona presentation (experiments-^ and 4 ) 
do .not follow a distinct levels hierarchy. This lack of levels 
distinctiveness in' recall performance was a major issue raised 
by Lawsbn's |1976) study. Similar to the present study, the 
evidence from his findings do not clearly and consistently 

support the notion of three qualitatively distinct levels of * 

- 

processing. 

In order to evaluate the decree of distinctiveness in 
recall performance between the three levels of proce^sing^^i^ 
this study, the data was subjected to a correlated T-t^3st com- 
parison of_meahs analysis. For both non-retarded and ^MR 
groups, a pattern of clear statistical llistinction in orecall 
between physical. and semantic , ^and phonemic and semantic 
levels is evident; however there were no significant differ- 
ence's in recall between the physical and phonemic levels of 
processing for either group, . Therefore, the results only 
partially support the notion of qualitatively distinct levels 
of processing, 

^It was interesting to jiote that in examination of the 
actual percentage increases between conditions across levels, 
thO" intentional conditions most clearly benefitted physical 

recall-^, The resjpective percentage recall increases from the 
- f ^ • . 
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inciclontal to iht^ntl^Wl.. conditions were 8.03 percent, 

J. 93. percent,, and 4.„64 percent for physical, phonemic and 

semantic^ JLevels of processing. * ' ^( » * - 

"'^^C^The aij-ticipated increased re^ll per.f ormant^^flue to 

differential learning Renditions is confirmed wi^:^Lvslgnif i- 

J" , " ■ . ^ 

cant main effect ^or. conditions (F = 3.885, df = 2/78, p£:'.05) 

(see Table 2 ). The means for conditions, collapsed over 

levels and groups were: 15.0 percent for incidental, 19.6 

percent for intentional, and 21.4 percent for planned intisn- 

tion^l. 'Figure 2 shows thatVhen recall means are separated 

for intellect^allly average and EMR groups, the pattern of 

increased- recall performance across conditions is notably 

similar. Although there were no significant interactions for 

conditions, Scheffe T-tests revealed significant differences 
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in recall means between the incidental and planned intentional 
condition (F = 3.93, df = 2/78, pf:.02). These results woul'd 
suggest that although both EMR and normal children in this 
study were ablfe to increase recall performance through self- 
initiated memory control processed under -the intentional 
learning condition, the most significant improvement accrued 
from strategic pre-planning in the planned intentional con- 
dition. 

It had been anticipated that non-retarded S would be ' 

s 



most likely -to benefit by the addition of the intentional • 

learning condition and the, oppontunity f dr pre-planning of 

' ^ ' . • . ■ • \ 

word, recall. However ^ * there was essentially no group difj^^^r-l 
, ■« ■ j- ' f 

ences found in comparison of ''the ^jrcentage increase in ^3;^all 

performance agross conaitions (-7 perpent for^^ non-re tarde^;^nd 

6 percent for EMR's). ^Th.us, it' would appear that the ability 

to utilize strategic memory and control processes may be * 

associ^ated with mental age level. * . ' • 

Although the interview response data was not amenable' . 

to statistical analysis, a ^ri^f discussion of the pre- and 

post-task interview results may be instrumental at this 

time. Only the planned intentional group was interviewed 

prior to the experimental task, Sor the purpose of inducing* 

Ss toward strategic planning ^f or remembering. Examination 

of response protocols revealed distinct > similarities for 

non-retarde(3 and EMR S in terms of: ^ 

s 

1) their self assessments of being good rememberers - 

2) recognizing that memory is usually better if told 
to remember* , 

3) and in terms of the variety and types of strate- 
gies suggested to facilitate memory. 

Group differences wcfte evident however, in that non-retarded 

subjects offered ^ore suggestions for" ways to approach the 

ta^k. 

Post-task interviews were carried out with both inten- 
tional a^ pltnncd intentional groups and for the most part, 
responses were\imilar for both EMR and non-retarded s\ How- 
ever a comparison of responses of planned intentional groups 

♦ 
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to the question concerning whether they thought tHey rein»in- 
bered.more wgrds bec^yse. they were tjjLld to r@mertiber them, ' 
bugge^ts that the retarded • S^'., upon (completing the task/ de-. 
<;rdeS (qontrii^ t>Q ^eir prediction in the pre^task interview) 
that intention drd not help them t;o; remember . l^ie .majority . . 
of non-retarded subjects, however, ^etainfed their positive 
pre-task prediction, "wore EMR subjects admitted that it was • 
hard to remefnber the words , in the taslc and .both groups sug- 
gested that specific words, rhyming words, and mostly specific 
categories of words we re -most difficult to remember. 

Perusal of the post-task interview responses of the 
int^ntionll group, indicates an essentially similar pattern 
of responding. Tlie EMR subjects were once again more inclined 
to believe that their memory performance was no different as . 
a result of being told to remember the words, whereas, the 
majority of normal subjects thought that their memory perfor- 
mance improved as a result of intention. Counter to the re- 
sponse differences found in question 4 for the planned inten- 
tional group, the intentional groups -were similarly inclined 
to admit that it was hard to remember the words in th^ task. 

^ In summary, the overall similarity of interview responses 
for both groups and experimental conditions, is con^Lstent 
with the aforementioned statistical analysis which resulted in 
a main effect for conditions but no interaction for conditions 
by groups. 



1 
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K ■ • - 



/In general, the .analysis of recall results fcrovide only 

' ' ^- ■ ■ ■ 1 " 

sj- partial support fof the hypoth|esis that over all experimental 

conditions, recall performance would be positively related to 

^-■de^th of processing. While, the proposal ' that depth of pro- J 

„ ' , - ' ^ ' ■ ■ * , ' . > ' ■ 

cessing influences -the durability' of memory is- supported by 

the results, the' definition of. depth in terms/of qualitatively 
distinct processing dpmains is not. The superiority* of seman- 
tic processing over both physical and phonemic was statisti- 
cally verified,- while differences in recall performance be-r • 
■ 'tween pl>ysical and phonemic" processing were minimal. This 
lack of distinction betweeh the three levels found in this 
study and other similar sWies [;craik and Tulving, 1975; Law- 
son, 1976, Snart, -(note 1)] would suggest that the free recall 
procedure may ^jl^^ sufficiently sensitive t!o detect gross 
. qualitative pi^ferehces in the nature of the memory trace. 

A major prediction • of this study was that differential 
learning conditions would improve the recall performance of 
both intellectually average andEMR children. It was antici- 
pated that the , intentional learning condition groups would 
recall more words than the incidental condition groups, and 
that the planned intentional groups* would achieve the highest 
level of recall. The prediction for greafer recall in inten- 
tional conditions was based on the ^ssuiijption that knowledge 
of the recall requirement would induce subjects to employ 
memory strategics and processes during. task performance, and 



thus raise their re\rel of recall. The hypothesis *wap- partially 
verified in that a signi-f ic^ajit raain^-ef f e'ct f>Qx conditions' 'was. 
obtained. However, a compariisda of, condition mpabs -revealed ' 

. • , . . J* ^ . • • i ' - * 

that although. th6 diffetence in recall .^eyel^ between .inziden- 
;tal and planned intentional jcortditio'ha^ was significant , the 
incidental vei^sus intentional conditions failed to yield a • 
signifi^nce. dif f erfenlce- in- recall performance.' 'These results 
would suggest t^haj: the intention- to remember alone may not be. 
sufficient to inor^ase memory per forma ce 'at. this level, and 
that significant improvement in recall requires specific 
strategic .planning. Moreover, since t"^i& ability/to improve 
memory performance through strategic planning was demonstrated 
by the planne^iYitentional groups, it would appear that the' 
intentJcfnaVlearnihg groups lower recall performance was due 
to a produgtion deficiency. 

The pos^ulation of significantly better recall performance 
for intellectually average children in comparison with EMR 
children wasjjprif ied by a significant main effect for groups.' 
Further analysis of qroh^ means revealed that' the groups' per- 
formance differed -significantly for the phonemic and semantic - 
levels of processing which involve higher level cognitive 
analysis. Thus it appears that the levels of processing model 
provides a useful basis of comparison to "dif f erentiate the 
^niemory performance of subjects of differing IQ levels. 

^ . It was similarly predicted that performance increases 
resulting from differential learning conditions ^v^ould be greater 



for normals than for EMR'.s. Surprisingly, this hypothesis 
was not confirmed in this experiment. The gains in recall * 
performance across conditions were essentially the same for 
both EMR and non-retarded groups. Since^'t^e non-retarded 
.and EMR samples were*" roughly equated on the basis of mental 
age, these results would suggest that the ability to enhance 
memory performance through the adoption of differential mem- 
ory strategies may be specifically Related to mental age as 
opposecl to IQ. 

In general'; these' findings demonstrate" the efficacy of 
utilizing the levels of - processing model in identifying some 
qualitative memory performance differences in EMR and intel- 
lectually average children. 

Reaction time: Results 

' '. . r * -' ■ 

Reaction times ^ were aver'aged for each level per^ subject 

• ft 

atie median reaction t'imes were submitted to a 2 (groups) x 
3 (conditions) x 3 (levels) analysis of variance. A signifi- 
cant main effect for levels (> = 23.950, df = 2/156, p^^.OOl) 
was obtained and means across levels were 1.661, 1.874, and 
1.983: respectively for physical, phonemic and semantic levels 
of processing (see Table 3). These results indicate l;h'at' for 
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the most part, deeper levels of processing arc associated 
with longer reaction times. This pattern is correspondent 
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with results reported, froitr-ailiult subject research on the levels 
of- processing/ eii^loying a reaction time paradigm (Craik and 
Tulving, 1975: ^ Experiments 1-4), ' 

Hiere was no main jeffect for learning conditions (inci- 
dental/ intentional/ and planned intentional") nor for group 
differences (EMR and non-retarded children)^ but there was 
a significant interaction for levels x groups (F = 5.201/ df = 
2/156/ P^.Ol). This interaction is graphically depicted in * 
Figure 3 and shows t^|g|^decision, latencies appear to differ- 



Insert Figure 3 abotit here, ^ 

entiate groups' a^: the phonemic and semantic le^irels t)f proces- 
sing. In. order to stati3ticaily test this observation/ the 
'data was subjected to Sch^ffe test analysis^ The results 

reveel that group differences only reach significance at "the 

,^ 

phonemic level of processing (F = 6.245^ df = 2/78, P^0ll4) 
although a definite . trend was shown at' the semantic level 
(F = 3'.178, df = 2.78/ p:^.076). Failure to reach signifi- 
cance between groups at the semantic level/ may possibly be 
attributed to the utilization of very salient word c^itegories. 
The familiarity of both subject groups toward these categories 
may have enhanced semantic processing and facilitated shorter 



response latencies for bo^h groups. 



In general the results obtained here are only minimally 
^ , • * 

discrepant with respect to predicted outcomes/ and would not 

' r 

pose a threat to the levels of processing model. Moreover, 

' ^ ... 



Craik and Tulving (1975 ) have determined that processing 
time would not, by itself, reflect. a totally reliable index 
of depth. ^ . 

Reaction time: Discussion 

The above reaction time performance findings support 
Craik and Tulving' s (1975*)/ in that ifeaction time measures 
are positively related to depth of processing. Statistical 
analysis supported the notion of hierachial differentiation' 
between levels for non-retarded subjects; and partially for 
the EMR subjects. There was a clear distinction between the 
lower level and higher levels^ of - processing, but -the differ- 
ence i^tween phonemic and semantic processing for the EMR 
subjects was not^|||pignif leant • • , ^ 

the basis of findings from previous studies with MA 

matched non-retarrdfed and EMR children examining reaction 

I 

times (Baumeister afid'Kellas, 1968; Bower and Tate, 1976), 

it was' predicted ^that EMR S.^ would display longer response 

latencies. Counter to expectations, there was no significant 

main effect obtained for^groupfe in reaction time performance.. 

However, the examination of reaction time means by level 

revealed group differences in the order of increasing reaction 

.'times. Whereas the intellectually average reaction . times 

increased according to the amount of analysis required at 

successively deeper levels (i.e. physical phonemic -^semantic ) , 

the EMR S had longest response latencies for phonemic and 
s ^ 

shortest reaction times for physically processed words. It 
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would appear that although EMR Sg are no different in tewis 
of simple responding to imperative word stimuli, they lac^ 
efficiency in ascertaining infor^nat;ion processing demands, 
and discriminate only in terms of gross qualitative dif fer- 
ences. • ^ ^ / 

^ Experiment II 

Subjects • . • 

The subjects (intellectually average and educable men- 
tally retarded children) involved in this experiment were 
selected from the same schools as the experiment one partici- 
pants. ' The vice-principals, school counsellors, and teachers 
were consxiltpd in order to eliminate those children with sug- 
gested emotional or sensory impairments. The school records 
of the children were also checked to eliminate children having 
medically diagnosed skin conditions or heart problems. Let- 
ters were then sent to parents or legal guardians to obtain 
Written consent for their child to participate in the experi- 
ment. The analysis of i)ne subject was not included in the 
final sample as a result of mech^n'ical failures in the HR re- 
cording equipment. ^ . ^ 

The final non-retarded children sample comprised 14 sub- 
jects with a ftiean chronological age of 10.4 years; a mean 
intelligence quotient of 102.2 (range 94-110);^ and a mean men- 
tal age of 10.4 years (range 9.0 - 11.10). The EMR sample in- 
cluded 14 subjects With a mean chronological age of 14.3 years; 
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a mean intelli-gence^ quotient of 72.9 (range 64 - 80); and a 
mean mental age of 10.4 years (range 9.0 - 11.10). Each 
.sample comprised equal numbers of male and fe^iale i^ubjects.. 
Only the incidental learning condition was examined in this 
study in order to tap the basic attentional demands and the 
interaction with levels of processing task performance, v/ith- 
out interference of self-initiated memory control processes . 
or memory ^strategies that a subject may be induced to employ 
in an intentional or planned intentional learning condition. , 

Stimuli and Apparatus ^ ^ • ! 

The experimental -stimuli utilized in this .study, was . ' 
identical to that described ^^fu- experiment I. 

The temporal intervals were extended in this stucly to 
allow for complete physiological response recording;' to ^stimii- 
li. A trial began with the exposure of the orienting* qiiQStion 
for a period of eight seconds. An interstimu!fusr int^rV'al/ of 
17 seconds followed and the imperative word stimujw's 
exposed on th^ screen for one second. The time "^te^rv^l from 
imperative word stimulus^ pnset to onset of the next orienting 
question was 22 seconds. A complete trial lasted 48 seconds. 

' The experimental s^timuli sequencing was automatically 
regulated by Hunter Decade Interval Timers, The stimulps 
slides were projected onto a screen, with a Kodak carousel 
slide projector, outfitted with an electromechanical 'shutter 
to control stimulus exposure time. The stimuli were projected 
at eye-level through a one-way mirror onto a screen located % 
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V f our feet diretftly i?r front of the subject. Reaction time 
CRT) measures^ were takerj. with an Electronic luminous >digital 
display s^p clockV - The responding apparatus was wired to, < 
the RT ap^ratus and the subject's button press stopped the 
clock. Ttie metal response box was taped to the right arm*of 
the chair in which the subject was seated^ and one of the two 
protruding buttons were" pressed to indicate the subject's 
response decision, ^^^e subjects respond was* indicated to ' 
the researcher by the simultaneous lighting of one of the 
two bulbs (indicating a 'yes' or 'no' response decision The 
experimenter monitored all recording and control apparati in 
a separate room adjacent to the experimental chamber. Move- 
ment artifacts were detected through a one-way mirror, and 
were noted on the polygraph paper as they occurred. 
, . A Hewlett-Packard model ;L500 polygraph with an integrated 
cardiotachometer was utilized in the continuous recording of 
each subject's heart rate. The /equipment was adjusted to 
allow automatic marking on the polygraph paper ' when a response 
decision (button-press) was made. The paper ran at a constant 
spe*ed of 5mm/second. - * *^ 

Heart rate measures were dbtainedby use of silver- 
silver chloride electordes 0.5 inches in diameter, attached 
to the subject's third left rib and sternum with a neutral 

9 

ground on the right elbow. The subject's right hand was 
positioned for response execution. 'The electrodes were filled 
with Beckman sodium chloride electrode paste (0.5 concentra- 



tion) and were attached to the recording sites with adhesive* 
collars.. 

Procedu re • 

All subjects were provided transportation to .the Uni- 
versity Laboratory and back to their schools. The experiment 
took place in an electrically shielded, sound proofed lab- 
oratory and temperature was controlled at 70°F. The samples 
were counterbalanced for morning and afternoon experimental 
* participation. 

Upon entering the experimental laboratory^, the subject 
was seated in -a padded leatherette armchair, and was asked 
to position himself comfortably. While the sites of electrode 
placements were being prepar^ed and electrodes ^attached, the 
subject was invited to ask questions about' the equipment and 
electrode apparatus. Once rapport' was established, the sub- 
ject was instructed in usage off the response box and told ^that 
he would be required to answer the questions which appeared Ln 
front of him on the screen. Subjects were requested to re- 
spond as quickly as possible. The average preparatory time 
prior to actual task onset was approximately ten minutes per 
subject. The time period was considered sufficient for sta- 
bilizing of the heart rate response readings. 

A total poss^ible of six practice trials (three question 
types X two response- type^) were given prior to the experiment 
onset. , After three consecutive correct responses, the experi- 
mental task was begun. /during task implementation, rcsppnse 



decisions and reaction times were iinmediately recorded upon 
response execution.' At the completion of the 30' trials, the 
subject was asked 'to recall as many, of the word stimuli as 
he could. Before leaving the experimental laboratory, sub- 
jects were requested not to inform their classmates of the 
memory component of the experiment. The total time in^the 
laboratory was 'a maximum of 25 minutes for* each subject. 

Scoring 

The performance measures of response decision, words 

(Si . ' 

recalled and reaction time were computed in the satme manner 

outlined in experiment one. ' ^ \ 

Heart rate measures 
* % ■ 

Second-by-second heart rate change . For each subject, 
31 second- by-secon(4 heart rate measures were obtained for 
each of the 30 trials. These values incluied continuous re- 
cording of the heart rate beginning three |Seconds prior to 

orienting question onset and ending three ^seconds after the 

I 

imperative word slide onset. The second-by-second heart rate 
change scores in beats-per-minute (BPM)'Were determined by 
the difference between the mean BPM for the three seconds 
preceeding the onset of the orienting questions and the re- 
maining 28 one-second intervals. ^ 

Per cent deceleration . Percentage decrease in heart 
rate: % decrease = 100 x (prestimulus beats per minute, less 
the mean of the two lowest beats per minute in the last 15 
seconds of a trial. This is then divided by the prestimulus 
beats per minute. 
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* Analysis and Discussion 

As* in experiment one, the data was initially subjected 
to an analysis of sex differences on the dependent variables 
of recall and reaction timeV A 2' (groups) x 3 (levels) ^ 
analysis of yariance indicated that there was no significant 
effect for sex found on recall data (normals F = .23, df = 1/12, 
P^.6413: EMR F = .61, df = 1/12, pt^.488). The response 
latency data for one EMR subject was ommitted from analysis 
due to a combination of erratic . responding and mechanical 
difficulty. The 2 (groups) x 3 (levels) ANCVA tgt reaction 
time resulted in no significant sex differences Xnon-ritarded 
F = .61, df = 1/12, P-^.449: EMR F = 2.84, df= 1/10, pi^.122). 
Subsequent reaction time and, recall analysis was collapsed 
over sex. 

Recall ; Results ^ . . 

In this experiment, only the incidental learning con- 
dition was utilized. Recall performance scores were subjected 
to a 2 (groups) x 3 (levels) analysis of variance. Table 4 
presents the results of this analysis. Similar to the recall 
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findings in experp.ment one, a significant main effect for 
groups was found (F = 8.699, .^^^= 1/26, pf^.Ol). The mean 
percentages recall collapsed over ^levels were: 21.7 percent 
for normals and 12.4 percent for EMR's. This same analysis 
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yielded the anticipated signficant main effect for 'levels 
(F = 23.860, df = 2/52, p^.OOl) (See Table 4). The means 
for levels collapsed over groups were: physical 7.1 percent,, 
phonemic 13.6 percent and semantic 30.4 percent. Examination 
of Figure 4 reveals a hierarchical improvement in recall 
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performance for both EMR and non-retarded groups across the 
three levels. These results are consistent with the predic- 
tions of Craik and Lockhart (1972) and the. experimental find- 
ings of Craik and Tulving (1975). Retention subsequent to 
qualitatively differing encoding. was positively related to 
deeper levels of processing. 

A correlated T-test comparison o'f means analysis re- 
vealed that the pattern of differences found in experiment 

* i • 

One were similarly, evideVitr in experiment two. Although the 
data from experiment two'bonfirm Craik and Tulving' s (1975) 
predictions of a significant increase in recall, following 
a hierarchical pattern (i.e. physical-*! phonemic -Csemantic 
levels of processing) the notion of three distinct levels of 
processin* was not substantiated in either experiment. Only 
the physicVl and semantic, and the phonemic and semantic 
levels were significantly different. 

Whereas it is acknowledged that the experimental con- 
ditions of experiment one and experiment two differ widely, 
it is interesting to note that in comparing means of the inci- 
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dental condition in experiment one, with experiment two (in- 

r 

cidental condition), the pattern of recall performance is 
similar in that' it increases with deeper levels of processing 
(see Figure 5). For both incidental conditions (experiment 

^ 1~" 

Insert Figure 5 about here 

one and two) physical processing^ resulted in the least recall; 
phonemic processing resulted in improved recall performance; 
and recall' -after semantic processing is markedly superior. 
These results are in agreement with the experimental findings 
reported by Craik and Tulving (1975). 

Recall; Discuission ■* 

In general, the recall results obtained^n 4:he present 
study support those reported by Craik and Tulving (1975). As 
in experiment one, recall performance was positively related 
to deeper levels of processing. A significant main effect 
for levels was derived and for both groups level recall means 
increased with deeper levels of processing. The mean recall 
was lowest for words physically processed, then somewhat 
greater for words phonemically processed, and notably sui:>erior 
for words that were processed at the semantic level. However, 
'similar to the findingis in experiment one, this experiment 
provided evidence contrary to the notion of three qualitatively 
distinct levels of processing. Whereas a significant differ- 
ence was obtained between tfhe physical and semantic, as well 



as phonemic and semantic levels of processing, the difference 
between the^ physical and phonemic levels was not significant. 
Craik and Tulving (1975) in discussion of their experimental 
findings, suggested that the effects of semantic (deep level) 
processing were "both robust and large in magnitude" (p. ^78). 
and the results' of the two experiments reported here confirm 
the generalization of the effects. However, the collective 
findings also seem to indicate that the free recall procedure 
may only be sufficiently sensitive to detect gross qualitative 
differences -in the nature of the memory trace. 

The predicted superior' recall performance" for non-retarded 
subjects was confirmed in this experiment. The overall recall 
performance analysis resulted in -a significant main effect 
for groups. . A concomitant pattern of group means by level 
was obtained |f or experiment one and experiment two. In both 
experiments, no differences between groups were manifested 
at the physical level of processing, though significant group 
differences were derived at phonemic and semantic levels. Thus,' 
despite very ^different experimental conditions, both experi- 
ments yielded consistent main effects and similar recall pat- 
terns. Indeed the combined findings attest to the fact that 
the basic phcn^nenon under study appears to be a robust one. 

Reaction time : Resulbs 

Reaction times were (as in experiment one) averaged for 
each level per subject. The averaged scores in milliseconds 
were then submitted to a 2(grotips) x 3 (levels) analysis of 




variance (see Table 5). A signijfi^nt main effect for levels 
was obtained (F = 4.288, df »5A§?fi^;Pl^ • 01 ) and means' across 
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levels were 2.720, 2,954, 2,918 respectively for physical, 
phonemic and semantic levels of processing. These results 
fail to wholly support the nc^ion that deeper levels of pro- 
cessing are associated with longer reaction times. As it w^s 
predicted, physical processing resulted in the shortest reac- 
tion time, however, decision latencies' for phonemic processing 
were greater than semantic in t/his .experiment, whereas the ^ 
reverse order had been anticipJ^ted for these two levels (see 
Figure 6 ) . These results are similarly in contrast with the 
experiment one findings v;hich did coincide with the predictions 
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advanced by Craik and Tulving (1975). A possible . explanation 
for the discrepant findings in the present experiment may be ^ 
attributed to the extended , preparatory interval. A readiness 
to respond to the phonemic orienting question may have been 
countered by the subject Vs deliberate attempts during the 17 
second interstimulus interval to piredict the associated 
rhyming word stimuli. 



^^.-^^^^..-^^w** ^ k 

The above bindings provide onj-y partial support ^-f or the' 
prediction that reactidn time measures wcmid be positively 
related to depth of processing (i* e^ physical < phonemic ^ • • 
semantic) . The anticipated hJLe^'archlcal increase in. decision 
latency times wit^ deeper levels: of -prb^ was not ob-. 

tained for phoneniic, and semantic processing levels. Phonemic" 
level processing resulted in the longe3t decision latency^ 

'•. VI.''. 

time in this experiment.' It should however , be noted that 
whereas Craik epid Lockhart (4975) initially predicted and 
experimentally confirmed their own hypothesis that deeper 
levels of analysis require . su^es,sive IV increasing amounts of 
processing time, further experimental investigation led -them 
to advance an important qualification to' this relationship. 
They found that even when subjects were deliberately required 
to respond to complex physical processing questions (e.g. 
Could this word be chai?acterized as CCWC?) and easy semantic 
questions, the subsequent recall results were significantly 
great^ for semantically processed words. • Craik and Tulving 
(1975) thus concluded that although processing time may be 
partially predictive of word recall, it is the qualitative 
^nature of the task which determines memory performance above 
all other determinants. Indeed, the above recall and ^reaction 
time analyses support this conclusion. 

As outlined previous, prior investigation^ using reac- 
tion time paracjigms, have indicated that retarded Subjects ^ 
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demonstrate longer reaction times in comparison with both CA 
and MA matched non-retarded samples (e.g. Baumeister and 
Kellas, 19680 . Such findings have been attributed to the 
retardate* s^ immature attentional processes: inability to sus- 
tain attention, or inability to maintain an appropriate pre- ' 
paratory set (Berkson, I960: Clausen, Lidsky and Sersen, 1976: 
Baumeister ''and Kellas, 1968: Liebertand Baumeister, 1973: 
and Krupski/ 1975. Therefore it was "predicted that non-re- ^ 
tarded would demonstrate sigt^if icantly shorter decision 
, latency times in this study. However, the analysis of reac- 
' ition time data for both experiment one and experiment two 
failed to yield significant main effects forjgroup differences. 
If indeed slow reaction times reflect attention deficit, the 
hypothesis of attention deficit for retarded subjects is 
totally unsubstantiated in thi3 study. The results from a 
previous study (Jones and Benton, 1968) suggested that the 

hypothesis may hold only for CA as opposed to MA group com- 
% .- 

parisons. 

Heart Rate: Results 

The following analyses of the heart rate data were 
carried out to explore the possibility that the inf erior'^memorY' 
performance of EMR in comparison with MA matched intellec- 
tually average might be related to an attention deficits 
Although the data might be analyzed and interpreted in ^ num- 
. ber of ways, two major areas of analysis appeared appropri- 
ately' salient for the purposes of this experiment. The primary 
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indication of attention or readiness for responding to the 
orienting question would be apparent in terms of the amount 
of heart rate deceleration '(attention to the ^xtprnal envir- 
onment) prior to the imperative word stimuli onset. If 
retarded subjects suffer from an attentional deficit, it * 

would therefore be anticipei^ted that non-retarded S would 

. s 

display a greater amount of heart rate deceleration (H. e. % 
deceleration) that EMR S^. An attentional deficit might 
further be evidenced, by the EMR subjects' inability to esti- 
mate , properly the preparatory interval length, and as such 
would result in a less than optimal preparedness for response' 
execution &t the time of the imperative word stimulus onset 
(Krupski, 1976). Th^ second area explofed in this study is 
relateci^ to the notion that deeper levels of processing would 
require increasing amounts of stimulus analyses or attention 
(i.e. physical phonernic --^-semantic ) . It was anticipated that 
the greatest % of HR deceleration would occur in preparation 
for responding to semantic orienting questions since studies 
have iTidica ted that jdeeper levels of cognitive * analysis pro- 
gressively demand greater attention for successful processing. 
The statistical procedure followed in the heart rate analysis 
includes analyses of variance of the second-by-second beats 
per minute (BPM) change scores and percentage deceleration. 

, Previous investigations utilizing heart rate measures 
have shown t^fiat differences in the prestimulus heart rate 
1 may affect, the magnitude of response obtained for a 




stimulus (Graham- and^ackson^ 1970). Therefore *a- preliminary 
analysis of prestimulus h^art rate usi'rig a 2 (gtoups-) x 3 
(levels) ANOVA was ca^;f^d out to ensure that there were no 
initial group differences in autonomic ^rfesponsivlty. The 
analysis resylted in no signiticant maih effects for groups. 
«-®ius, any group differences which were found ^ere not attri- 
butable to the prestimulus level of 

The data was then sut^^cted to 2 (groups^ x 3 (levels) 
X the first 16 (secoi|^s) and k 2 (groups) ^ 3 (levels) x the 
last 15 (seconds) analysis of variance with the last factor 
repeated within. The results of these, analyses are giveYi in ^ 
Table 6 and Table 7. it was 'anticipated, the second-by- 

second BPM heart rate change scbres analyses resulted in a 
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main effect for the last 15 seconds of the trial continuum. 
(F = 7.777, df 5= 14/364, p^.OOl)'. There' were no pther main 
effects or significant intaeractions yielded from ^this analysis 
With xegard to the main. effect for the iBst 15 seconds of the 
trial, continuum, the heart, means collapsed over groups . 

and levels' for the 28th, 291:h and 30th seconds- reflect the 
grecitest amounts of heart rate' change. TOe results concur 
with the prediction that tlife^greatest HR deceleration^ should ^ 
occur at the same second interval in which the imperative wor6 
stimulus appeared on the screen. .Second 29 of the, trial con- 



tinuum coincides with the onset of the imperative wor<3 stimuli, 
Since there were no main effects or interactions for levels 
or groups, this analysis seems to indicate that contrary to 
expectations, both retarded and normal sub jects displayed 
similar attention (i.e. hearty rate deceleration or readiness 

to respond) at or near the nadir of the preparatory interval. 
* . ,* • 

The graphic display (Figure 7) of the mean second-by- 
second BPM heart rate change scores for norroal and EMR over 
physical, phonemic and semantic trials, largely confirms this 
supposition in that the nadir (lowest point )HR decelerations 
for both groups fall precisely at the 29th second interval. 

. ■ .• ■ A 
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Since the above analyses indicate that the greatest HR 
differences occurred during the latter 1^ seconds, only this 
portion of the trial continuum was examined^ using HR decel- 
eration in a 2 (gi^)ups) x 3 (levels) analysis of variance for 
early^and late trials. The results of the analysis (See Table 
8) reveal a significant main effect for early versus late* trials 
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(F = 8.506, df = 1/26, p^.Ol). The respective means for early 
Versus late trials collapsed ov€^ groups were 3.8% and 5.8% 
HR deceleration. There was also a trend toward^ignif icance 
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for group differences (F = 3.450, fg = 1/26, p^.07).' Whereas 
the % HR deceleration for normal subje.cts was 4^8% for early 
trials and 7.3% for late trials', the deceleration percentages 
for EMR subjects were 2.7% and 4.3% respectively. From this 
it would e^jpear tl^t both normal and EMR^ subjects were 'able 
to Capitalize on their attentional abilities as increasingly^ 
more trials were experienced. The significant % HH deceler- 
ation (attention to the external environment or preparedness 
to respond) increase from early to late trials might be 
attributed to a possible increased effort to maintain atten- ^ 
tion and/or a learning effect. However, the evidence for a 
trend toward significance for group differences, ^ould indi- ' 
Gate that the learning and/or effort effects were^ubstanti- 
ally greater for normals sub jects. 

All of the above analyses failed to yield any signifi- 
cant- main effects for levels (i.e. physical, phonemic. and 
sen^antic), even though it was predic;k^^ that deeper levels 
of analysis would require greater Attention., With respect - 
to the design of this study, it is most probable that the 
COTibined RT and word processing task, interfered with any 
effects resulting from HR differentiations due to qualitative 
differences in word processing. 

Heart Rate : Discussion 

In general, the results of the heart rate analyses pro- 
vide little evidence to support a hypothesis of attentional 
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deficit in EMR children. Both EMR and normal subjects dis- 
played similar patterns of HR responding and showed equal 

% 

variability and relative accuracy in anticipating the length 
•of the PI interval and onset of the Khperative word stimuli. 

It had also been predicted that since words for deeper 
levels of processing are expected to require greater analysis 
and therefore greater attention, that the amount of HR decel- 
eration would increase with the depth of processing (i.e. 
physical< phonemic semantic ) . However, neither the analyses 
of variance for second-by-second BPM, heart rate change scores 
or for the % HR deceleration, yielded a significant effect 
for levels of processing. It would therefore appear that 
heart^ratc, as a dependent measure of • attention, at least in 
this particular paradigm, may not by itself .be a sensitive 
^ enough measure. 

However, differences (as measured by HR) in attentional 
abilities necessary for the experimental task in this study, 
appear tfo be closely associated with a learning or effort 
effect which results as more trials are experienced and the 
preparatory set for responding becomes more stabilized. It^ 
was hyp9thesized that a generalized-effect (i.e. increase in 
% HR deceleration) would occur * for both groups . from early to 
^late trials. This hypothesis is supported by the statistical 
analysis and from this it seems apparent that attention and 
preparedness to respond to imperative* word stimuli improved 
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for both groups from early to late trials. Moreover, in 
consideration of a possible attention deficit in EMR Ss, it 
was further predicted that the improvement or increased % HR 
^fl^^''^^'-°" ^ greater for normal than EMR subjects. 

The statistical analysis, contrary to predictions, resulted 
in no significant effect for group differences, although a 
clear trend was indicated. Therefore, although the majority 
of the HR analyses failed to support a general notion of 
attentional deficit in EMR children, the latter analysis 
- would suggest that the possibility of^roup (EMR and normal) 
differences remains and that further '^p^e:;imental studies of" 
a similar n^^ture should be recommended.^. ' The point is well 
made by Johnson and Lubin (1972) who stet^ : 

There are large segments of^iplSical research 
an which It is not customary -t 6 ;make-^ formal sig- 
nificance tests. If wev reject a-iMresults not 
bearing a certified tdLfidencp iPll. then we 
reject almost all our ^ef it^^JPbtQlogical re- 
search, including most^6f i^MRipc done by the 
winners of the, Nobel Pti^.^^b.m^l. signify 
tests may be helpful, into^rtsttive -^K sufficient 
put: are bhoy mecessary? ' V, tp^ '153 ) ^" • ' . 

A pos-sible explanation^^ t^^^^^ obtain signifi- 

cant -group differences in this ?'t'udy^ ra;4 'be to the 
interactive effects due to simurtineoua - respon^^ 
and word stimuli processing. Tnis^ .i^K '^t^pos^ible^ to dis- 
cern and compare attentional differences Wtiini^^^ 
as a result of qualitative dif f er^nq^^',lh\v^^^^^ re- 
quirements, or differences dup to'p? V^r^tfeW^^ r^ponding 
(button press). In future investig^bibjis^vatt^Ati^^^ differ- 
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encGS might- be more clearly determined if the RT and word, 
stimuli processing task were separated. Thi,s could be 
achieved by allowing 3 or 4 seconds for actual word proces- 
sing and delaying the decision response ' (RT) until the appro- 
priate signal to respond (g.g. a buzzer) is given. In addi- 
tion, the utilization of additional autonomic measures^ (e.g. 
GSR, pupil dilation, etc) would- allow greater sensitivity 
for the exploration of attentional differences between sample 
groups. 

Conclusions , 
Levels of Processing Memory Model 

The basic formulations of the levels of processing mem- 
di^;model , are generally confirmed by the 'results of this 
stud[y^:..f:^e .^enamenon of a greater degree of semantic analy- 
»l^^^t ^E><|^i^g. resulting in better recall, was consistently 
'^^r0!ti:^^M^^'l:>oth non-retarded and EMR children,' and 

^^^^3^1^^^^^^^^"""^ experimental situations (i.e. experi- 
n^nt (^^g^^periment two). Although tlie notion of quali- 
tatively distinct 1-evels of processing was not fully substan- 
tiated by this investigation, the model appears to offer a 
heuristic framework for future research for a number of rea^ 
sons. ✓ 

The levels of processing model, as it is presently under 
stood (Craik and Lockhart, 1^72; Craik and Tulving, 1975; 
Craik, 1973; Lockhart, Craik and Jacoby, 1975) retains the 



einphasi3 on the^ualitative nature of processing carried out 
v.on stimuli, and the effect this has on subsequent retrieval. 
The emphasis on structural/temporal aspects in previous mem- 
ory models, is replaced by the direct focusing on the psycho-' 
logical processes operative during memory task performance. 
In addition, the experimenter is able to exert considerable 
control over the subject in specifying the orienting question, 
and thus inducing a particular type of processing to occur. 
Within an incidental learning condition, this control is max- 
iinal. In^ more recent publications (Lockhart, Craik and Jacoby, 
1975: Craik and Tulving, 1975) the model has been revised and 
extended to incorporate the notion of increased depth of pro^ 
cessing due to stimulus elaboration. "This would entail any 
n\imber of memory processes and strategies that- a subject 
utilizes to increase the level of recall perf drraance , and 
such elaborations would usually take place under intentional 
learning conditions. At preseat, the empirical investigation 
of this second type of depth of processing is extremely limi- 
ted, although the results of this study would suggest that 
the area should be further explored. Lockhart, Craik and 
Jacoby (1975) have also formulated a, distinction between epi- 
sodic and semantic memory and the relationship between recall 
and retrieval in the revised levels of processing theory. 
-Future investigations, based on the levels of processing 
memory model should therefore, attempt to examine these 
aspects as well. 
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Differential .Learning Conditions 

the results of this study indicate that recall perfor- 
mance can be significantly increased as a result of differen- 
tial learning conditions. When intentional or planned in- 
tentional learning conditions are specified, the knowledge of 
a subsequent recall task and the subject's utilization of ^ny 
number of facilitative memory strategies, interact with the 
basic levels of processing task. Alth^ugll it is more diffi- 
cult 'for the experimenter to assess the kinds of processes 
operant under intentional learning conditions, important 
aspects of the memory process in general can be ascertained. 

For example, within titie context of the present investi- 
gation it was possible to examine the faci^itative effects of 
incidental, intentional, and p4.anned intentional learning on 
recall performance. The findings of a significant difference 
in recall performance under planned intentional conditions, 
suggests that subjects at the MA levels under study here (i.e. 
nine to .twelve years), possess the ability to utilize memory 
enhancing strategies, but require specific; instruction, or 
planning before such strategies are adopted. The condition 
of intentional" learning alone was not sufficient to signifi- 
cantly increase recall levels, and therefore performance may 
have been reflective of a production deficiency.^- -Such differ- 
ences in performance then, do. provide some .evidence that 
memory 'is not merely a function of different capacities or 
storehouses, but rather appears to reflect the importance of 
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levels of pro^iency in selection and utilization of appro- 
priate memory strategies. ^ 

The present study represents a very general test of 
the facilitative effects*" of memory strategy and memory con- 
trol process usage, and no attempt was made to differentiate 
the effects \)f either of these. Butterfield (1976) has dis- 
cussed at length, the problems that may be encountered in 
attempting to examine process differences among children of 
different ages or IQ's. He suggests that future investiga- 
tions in this area, can eliminate some of the difficulty by 
1) examination of interactions resulting from maifipulations 
of variables: 2) isolating processes that develop: 3) utiliz- 
ation of , direct measurements: 4) examination of mediation and 
production deficiences: and 5) through analysis of metamemory 
and executive functions. Essentially, Butterfield (1976) 
points out the need for a symbiosis of observational and 
laboratory procedures. Although some of the above suggestions 
were adopted in this study, the emphasis was primarily given 
to laboratory procedures^. In future investigations of normal 
and/or E>m. children's memory processing, an attempt should be 
made- to incqrporate both observatiohal and laboratory proced- 
ures in order to more specifically determine the separate 
facilitative effects of memory control -processes and memory 
str^egies on memory performance. In assuming an experimental 
approach such as this, it will be possible to generate a . 
clearer understanding of the conditions necessary to overcome 



mediation and production deficiencies, and how best to induce 
or train subjects to utilize their own metaunemory and execu- 
tive function abilities to enhance their own learning. 

Memory Processing Differences in >eMR andt Normal Children 

With respect to the experimental results obtained in 
this study, it would appear that the levels of processing 
model is sensitive to the memory processing differences of 
sample groups with disparate intelligence levels. Whereas 
the effects of physical processing resulted in similar recall 
for T^oth non-retarded and EMR Ss, the performance of the two 
groups was significantly differentiated at the phonemic and 
semantic levels of processing. 

The performance increases due to differential learning 
conditions were however, essentially the same for both EMR 
and normal children. Both groups were able to significantly 
increase their recall performance under the condition of 
planned intentional learning. It is interesting to note that 
with the addition of strategic planning, the EMR Ss were able 
to increase their level of recall to that achieved by Hj^ 
non-retarded Ss in the incidental condition. * These restilts 
might best be explained by Vygotsky's (1963) theory of devel- 
opment. He suggests that: "We must determine at least two 
levels of a child's development, otherwise we fail to find 
th^ correct relation between the course of development and 
potentiality for learning in each specific case" (p. 28). At 
jkhe first level, the zone of actual develop^nent represents 



those mental functions that have been attained due to a 
specific, or already accomplished course of development, 
The second level, the zone of potential development, repre- 
sents a learning potentiality that may become actualized 
under the direction of adult guidance, demonstration or 
questioning. If -this is the case, the results of the present 
study would suggest t^iatvhereas the intellectually average 
subjects were able tb^^independently process information 
efficiently (i.e. incidental learning condition), their MA 
matched EMR peers were only able to achieve 'this same level 
of proficiency through adult guidance and pre-task planning 
(i.e. planned intentional condition ). y Therefore performance 
differences might be attributed to differences in the zone of 
potential development, as opposed to differences in the zone 
of actual development. Moreover, acknowledge of how this 
zone of potential development becomes actualized, has direct 
ramifications for fechool related diagnostic and remedial 
concerns. As Vygoysky (1963) suggests: "What the child can 
do today with adult help, he will be able to do independently 
tomorrow" (p. S'O). Before the results of inve^stigations sUch 
as the above can become useful in a practical teaching situ- 
ation, we need to know more about the limitations and poten- 
tialities which characterize a given developmental level, and 
how best , a teacher or an adult c^n facilitate the learn.ing ' 
procees; As But'terfield (i976 )' points out, this can only be 
.achieved through the symbiosis of observational and" laboratory 
procedure. 



Attontion Deficit 

Differences in EMR and non-retarded childrens' learning 
and memory performance have often been attributed to atten- 
. tion deficit. The possibility of attention deficit affecting 
EMR memory performance was explored in experiment two , util- , 
izing reaction time, and he&rt rate measures. In general,' the, 
analyses, of these measui^s, failed to yield any significant 
group differences. The not^ion of ^Mr' attentional deficit was 
unsutstantiat:ed by the results, of this study, and therefore,/- 
the issue is still open to question. Future investigations 
should attempt to separate information processing, apd reaction 
time requirements in order to independently assess the effects 
due to qualitative dif f erencfes ' in levels of processing an.d , 
differences due to the button press response. It might be . 
further suggested that. heart rate measures alone may nqt be 
sufficiently- sensitive to detect subtle, group differences in 
attention.. Since an OR or attention can be detected by sev- 
eral autonomic measures (e.g. EE' measures, blood volume, 
..heart rate, respiration, galvanic skin response, eye mo'fenient/ 
and pupil dilation), the utilization of- several autonomic 
measures may help tease apart -such subtle attentional differ- 
ences bctwoe^n groups, particularly in tasks employing differing 
levels of analysis of stimuli (Lynn, 1966). 
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Table 



Scunple Oiaracteiristics 
Experiment I 



SAMPLE 



CHRONOLOGICAL AGE 
(CA) 



MENTAL AGE INTELLIGENT QUOTIENT 
(MA) (IQ) 



42 rionretarded me M ^'^ -^ lO , 2 years mean = 10.4* years 



students 
\ ■ 

4i2 EMR 
students 



IZ.O years) 



(range 9,0 - 
11 ,9 years) 



mean = 14.3'yeats .mean = 10,5 yeaijs 
-(range 13.2 - (rang? 9.0 - 

16.7 years) , 11.11 years) - - 



mean = 102-. 6 
(range 90 
114) 

Lorge-Thorndike 

mean = 72.5 
(range 63 - 
80) 

Wise 



Table' 2 



ANOVA for Normal VS' Em '&rff^^iKi&s 
in Recall: Exp^t-it^rit-"'^.:.' ■''■ 



5ource 



Between 

Groups , ' . . 

Conditions . ^ ■ , 
Groups. X Ctoriditi^ns' 

Error . ■" 

Within ' - -X^'. ' 

Levels , " 

'Levels X Groups . . 
Le>^els ' x •'Conditions 



Levels M Groups, x Coh- 
di^tions ; . 



r 

Error , • 



n = 14 



/■'■■■■,:2','.: 



J 124 .'51 
1.32 

i'. 

1.25 



19. '084' ;^V.-(^6l.' 
3. '88^' ^.Q^ 

.082 ilr^ 



.: 7'''''' 



99.634 ii.006i • 

'5. 376- ^..01 

.795 NS 

1 . 056 . NS 



>'>-■ 



Si'- 
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Table 3 



ANOVA for Normal VS EIIR in Reaction 
Time: Experiment I 



Source 




■ i/ MS 


F 


t 

P 


Between 








- 


Groups 


1 


- 2.59 


2.973 


NS 


Conditions 


2 


.02 


.025 


US 


Groups X Conditions. 


- - 2 


.47 


5^0 


NS 


Error 
Within 




; .87 






Levels 


2 

•J 


2.26- 


23.950 


• ± .001 


Levels X Groups 


2 


- .49 


5.201 


± .01 


Level X Conditions 
• 


4 


.05 


.533 


NS 


Levels x Groups x Con- 
ditions 


4 


.03 


.370 


NS, " 


ErroT" 


156 


.09 







n = 14 ^ . _ ' 
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Table 4 



ANOVA for Normal' VS EMR Differences 
in Recall: Experiment II 



Source • df MS 



Between 



: Error 26 2.08 



ERIC 



Groups ' 1 18.11 8'. 699 ^.01 



Within . 

a 

■ Levels • 2 40.23 23.860 <^..001 

Levels x_ groups 2 ^ / 2.61 1.546 NS 

Error S2 1.69 



Table 5 



ANOVA for Normal VS EMR in Reaction 
Time: Experiment II' 



Sourrce ' 


df 


, MS 


F 


P . 


Between 










Croups 


1 


.21 


.176 


NS 


Error 


24 


■ 1,20 






Within, 










Levels 


2 — 


-^.41 


4.288 


-^.01 


Levels x Groups • 


2 


.29 


3.001 


^.06 


Error 


48 


.16' 




ft 



n = 14 



Table 6 

ANOVA for Second-by- second B?ats Per Minute (BPM) 
Heartrate Change: 2 (groups) x. 3 (levels) 

X First 16 (seconds) ' , 



1 ^ 



Sourc3 

e 




.df • 


MS 


F 


P 

Jr 


i 

Between 




» 


w~, — 


• i 




Groups 




1 


4.04 


.014 


Ns ; 


Error* 




26 


295.94 






• Within 












Levels' 




, 2 


• 54.68 


.515 


NS 


Levels x Groups ' 




2 


23.12 


.218 


NS 


Error 

■ / ■ • 




52 


106.11 






Seconds 




15 


t 

* 

28.89 


2.468 


NS 


Seconds x GrotPps - 






1.22. 


.104 ; 


NS 


Error 




390 


11.71. 






Seconds X Levels 




30 


6.35 


1.336 


NS ' 


Seconds x Levels x 


Groups 


■ 30- 


5.62 


ft 

1.182 


NS 


Error 




780 


4.75 







Table 

.ANQVA for Second -by-seconi Beats Per Minute (BPM) 
1 Heartrate Change: 2 (c^roupsj^.x 3 (levels) 

X Second 15 ( •;econds ) 
\ ■ . ■ 



Source 






df 


MS 


F 


P 


Between ^ 


















Groups 








1 


49. 


88 


. 261 


NS 


Error 




s 




16 


191. 


,30 






Within 
















• 


Levels 








2 


14.1 




1.104 


'NS ^ 


Levels x 


Groups 






2 


39. 


51 


. 308 


NS 


Error 








. 52 


128. 


48 






Seconds 






* 


14 


7,7. 


67 


7.777 


.001 


Seconds x 


Groups 






14 


5. 


53 


. 553 


NS 


Err^lr 








364 


9. 


99 


✓ 




Seconds x 


Levels 






• 28 


1. 


85 


'.434 


NS 


Seconds x 


Levels X 


Groups 


28 


2. 


68 


. .628 


NS 


Error 








\728 


4. 


27 







Table C 



ANOVA - % Heart: Rate Deceleration: °2 (groups) x 
3 (levels) x 2 (early and '.late trials) 



> Source ' 


df 


MS 


F 


£? 


Between _ 










Groups 




268.99 


3.450' 


^.07 


Error 










Within 






• 




Levels 


2 


75.80 


1.968 


NS 


Levels x Groups 


2 


^^24. 38 


.633 




V Error \ 


52 


28.52 






^Blooks ^ 


■ ''-'^ :"" 1 . 


175.06 


8.506 • 




. Blocks X Groups* 


1 


'>.04 


.447 

1 


NS ' 


Error- 


26 


2^!y23 






Levels x Blocks c 


2 


' 5.17 


.109 




Levels x Blocks x Groups 
Error 


' ' .2 


15.72-^ 


.,333 


NS 


52' 


47.28 






n ^ 14 




» • 

• • 
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Figti^rG 1. Recall means of groups x levels 
(collapsed over conditions) 
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•Incidental 3iJt.Gnlionar^lannGd'' 
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LEVEIES © uv . 



Figure 2. Recall means of " groups x conditions 
(collapsed over levels) 
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Figure 3. Reaction. time means 'of groups x 

levels {ccH"laps6d over conditions) 
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Experiment Qne 

(in§idei;it;al) 




Normal 



A' ■ 



EMR 



Experiment Two 




Physical Phonemic Semantic 
LEVELS \ , 

Figure 5.. Recall means of groups x levelsi .Incidental condijtions 



Physical Phonemic 
LEVELS . 



Semarvtic 



7^ Kekh heart rate sec x sec BPl^ change for thr^/ V' 
.'. .'v levels ;af processing. "^^'^ 

y (Each point represents the difference betw 
. the mc5a|n;.,of t^e three prestimulus HR yalu 

and th'e HR values for each socbnd, Pointsi^f ff 
CQ and 'WS indicate ohsqt of the orienting', 
' questi9n arid Wqrd stimuli rosp^^M 





